Introduction to oxazoles
Oxazole (1,3-Oxazole) is a five membered heterocyclic compound containing
an O-atom and N-atom, which is an aromatic, colorless liquid with a boiling point of 69-70 °C and is soluble in water. The oxazole molecule is planar and its structure can be represented by a distorted pentagon. All atoms of oxazole ring are sp 2 -hybridized orbitals with three nonbonding electron pairs, two on O-atom and another one on Natom. Since the electronegativity of the N-atom at 3 rd position which creates low electron density on C-2 atom. Hence, the electrophilic substitution reaction occur at both 4 th or 5 th position and the nucleophilic substitution reaction at 2 nd position [1] .
Oxazoles represent an important class of heterocyclic compounds because of their presence in natural products [2] , like macrocyclics and alkaloids [3, 4] , and exhibit versatile biological activities [3, 4] . In addition, they are also utilized as a scaffold for the construction of many peptides, macrocyclic compounds, and polymers [2] .
Biological significance of oxazoles
Naturally occurring oxazoles were believed to be rare until the end of 1980s, however, now oxazoles form one of the key components of many natural products, particularly derived from marine sources such as, mono-oxazole calyculins, bisoxazole hennoxazoles, and trisoxazole ulapualides [5] [6] [7] . They possess significant biological activities including anti-tumor, antibacterial, anti-viral, anti-malarial and immunosuppressive [5] properties. Some of commercial drugs are having the oxazole moiety are Darglitazone 1, used in the treatment of type II diabetes [8] , and Aleglitazar 2, a peroxisome proliferator-activated receptor agonist for the treatment of type II
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143 | P a g e diabetes [9] . Many antibiotics also have an oxazole moiety, such as Pristinamycin IIB [10] , Flopristin [11] , Streptogramin A [12] , Griseovirdin [13] and calcinomycin [14] , display antibiotic activity. Some additional drugs containing oxazole moiety are, Mubritinib, a protein kinase inhibitor for cancer treatment [15] , Muraglitazar 3, used to treat myocardial stroke, infarction or necrosis (heart tissue death), transient ischemic attacks [16] , Ditazole 4, a platelet aggregation inhibitor [17] , Oxaprozin 5, a nonsteroidal anti-inflammatory drug used in osteoarthritis and rheumatoid arthritis [18] ;
Rhizoxin, an antimitotic agent with anti-tumor activity [19] , and Telomestatin which inhibits the telomerase activity of the cancer cells which contains oxazole as an integral moiety in its structure [20] .
Thus, oxazole derivatives have generated considerable attention towards medicinal research, and a large number of investigations on their synthesis and biological significance can be found in the literature. Recently reported oxazole derivatives include: N-aryl-5-aryloxazol-2-amine derivatives as 5-lipoxygenase
144 | P a g e inhibitors for the treatment of inflammation related diseases including asthma and rheumatoid arthritis [21] , non-steroidal benzo[d]oxazole derivatives as antiinflammatory agents [22] , 5-(4-methoxyphenyl)-oxazole derivatives as an inhibitor for growth and hatch of Caenorhabditis elegans (round worm) [23] , anthra [2,3-d] oxazole-2-thione-5,10-dione hybrids as antitumor agents and DNA topoisomerase inhibitors [24] , combretastatin conjugated oxazoles as tumor growth inhibitors [25] , 2,4,5-trisubstituted oxazoles as anti-proliferative agents [26] , disubstituted oxazole derivatives exhibited as anti-tuberculotic agents [27] , 2,5-disubstituted oxazole analogues as antibacterial and antifungal agents [28] , aryl substituted 1,3-azoles showed potent activity against mycobacterium tuberculosis [27] , 2,4-disubstituted oxazole benzyl esters as anti-tuberculosis agents [29] , 5-aryl substituted oxazole analogues as HIV-1 inhibitors [30] and bile acid derived oxazoles as fungal growth inhibitors [31] .
Synthesis of oxazoles in various methods
Owing to their importance, there is a great deal of interest for the development of new strategies for synthesis of oxazoles. Reviews by Turchi and Dewar describe various new as well as old-modified synthetic methodologies for oxazole synthesis [32, 33] . The available classical methods for the synthesis of substituted oxazoles are, (i) Blümlein-Lewy reaction of-halo and -hydroxy ketones 6 with acids/ amides 7 via O-alkylation in refluxing alcoholic media [34] yields oxazoles 8.
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145 | P a g e (ii) R. Robinson's synthesis of 2-benzyl-5-phenyloxazole 11 from 2,2'-azanediylbis(1-phenylethan-1-one) 9 in presence of concentrated H 2 SO 4 or polyphosphoric acid in 1909 [35] . Similarly, 2,5-disubstituted oxazoles were synthesized by S. Gabriel via cyclodehydration of α-acylaminoketones, esters or amides [36, 37] . Stating material α-acylamino ketones are accessible by Dakin-West reaction [38, 39] .
(iii) Rhodium, palladium or copper-catalyzed reaction of diazocarbonyl 13 compounds with nitriles 12 afford oxazoles 14 [40] [41] [42] .
(iv) Copper and ruthenium catalysed cyclization of 3-substituted-1,4,2-dioxazol-5-one 15 with phenylethenes or phenylacetylene 16 afford oxazoles 17 [43] .
(v) One-pot p-toluene sulfonic acid (PTSA) catalysed reaction of amides 19 with propargyl alcohols 18 via cyclo-isomerization reaction give oxazoles 20 [44] .
146 | P a g e (vi) tert-Butyl hydroperoxide (TBHP)-I 2 mediated tandem oxidative cyclization of α-aminoketones 21 with aldehydes 22 [45] , benzyl amines 24 with alkenes 23 [46] afforded oxazole derivatives 25.
(vii) Silver catalyzed reaction of α-bromoketones 27 with primary amides 26 obtain oxazole 28 derivatives [47] .
(viii) An intermolecular cycloaddition of alkynes 29 with nitriles 12, catalysed by gold obtained 2,5-disubstituted oxazoles 30 [48] and the functionalization on oxazole ring were accessed via transition metal catalysed reactions [49] [50] [51] [52] [53] .
(ix) van Leusen oxazole synthesis, involves the reaction of tosylmethylisocyanide (TosMIC, 32) with aldehydes 31 in the presence of potassium carbonate in methanol [54] . The primary products are 4,5-dihydro-l,3-oxazoles, which are converted into oxazoles 33 by elimination of p-toluene sulfinic acid.
147 | P a g e However, to synthesize biologically significant 5-(het)aryl oxazoles, TosMIC and aldehydes are widely used as precursors. For instance, modifications of the van Leusen oxazole synthesis involves the reactions of solid phase equivalents of TosMIC with aldehydes [55] , quarternary ammonium hydroxide ion-exchange resin catalysed reactions of TosMIC with aldehydes [56] , reactions of TosMIC with aldehydes/acid chlorides followed by ultrasound promoted desulfonation [57] , reactions of TosMIC with aldehydes in ionic liquid [bmim]Br [58] , reactions of aldehydes with benzotrizolylmethylisocyanide, [59] and other methods including Suzuki-Miyaura cross coupling of aryl bromides with oxazoline substituted potassium organotrifluroborates [60] and asymmetric condensations for oxazolines [61] . Also, few pharmacologically relevant chemotypes have been synthesized through the van Leusen strategy [62] . A literature survey reveals that, aldehyde precursors are most commonly used with TosMIC reagents to access van Leusen oxazoles [32, 33] .
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Present work

Synthesis of oxazole derivatives
Overall, the synthesis of oxazoles from classical and conventional methods are In the beginning of our study, we selected the oxidation of benzyl alcohol 34a
to benzaldehyde in T3P ® -DMSO and reaction of in situ generated benzaldehyde with (Table 4 .1, entries 2-5). Similarly, the methodology is equally extended to benzyl alcohols bearing different halogen atoms, which furnished respective 5-aryl oxazoles 35(f-h) in 70-74% yield (Table 4 .1, entries 6-8). Likewise, the protocol is compatible with fused aryl-like 2-naphthylmethyl alcohol, which gives 5-(2-naphthyl)oxazole 35i in 82% yield (Table 4 .1, entry 9). This protocol succeeded equally well with 2-thienylmethyl alcohol, furfurol, pyridine-2-yl methyl, and quinolin-3-yl methyl alcohols, which gave the corresponding 5-(het)aryl oxazoles 35(j-m) in 61-75% yields ( aqueous-alcoholic NaOH and KOH. It was found that KOH is the best base with respect to reaction time and yield of 35a (Table 4 .2, entry 1). In a parallel study, this protocol was compared with benzyl chloride instead of benzyl bromide, which results in a longer reaction time and a lower yield.
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151 | P a g e (Table 4 .2, entry 9). Chapter 4 152 | P a g e Notably, 5-(het)aryl oxazoles could not be synthesized due to non-availability of precursors and difficulties in their preparation. The probable mechanism for oxidation of alcohols [63] and benzyl bromides [64] to aldehydes and van Leusen cyclization [54] is given in Scheme 4.3.
Scheme 4.3:
The plausible mechanism for the synthesis of 5-aryl oxazoles from benzyl alcohols and benzyl bromides.
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X-ray diffraction studies of 5-(quinolin-3-yl)oxazole (35m)
The structure of one of the oxazoles, 5-(quinolin-3-yl)oxazole 35m was confirmed by single-crystal X-ray diffraction studies (CCDC reference number 1429231), and its ORTEP diagram is depicted in Fig. 4 
Chapter 4
154 | P a g e
Experimental section
Materials and methods
As described in Chapter 2 (Section A).
General procedures (i) Representative procedure for the synthesis 5-(het)aryloxazoles (35a-n) from (het)aryl methyl alcohols
To a solution of (het)aryl methyl alcohol (4.6 mmol) in DMSO (2 mL), T3P The organic layer was washed with water (2 x 20 mL) and brine solution (2 x 20 mL).
Then, the organic layer was dried over anhydrous sodium sulphate and concentrated under reduced pressure to afford the crude product. This was then purified by column chromatography over silica gel (60-120 mesh) using appropriate ratios (8:2) of hexane:ethyl acetate mixture as an eluent.
Characterization data
5-Phenyl-oxazole (35a) [54, 59] Yield [52] Yield 
5-p-Tolyl-oxazole (35b)
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156 | P a g e [55] Yield [59] Yield 65 [52, 54] Yield 68 %; [59] Yield [54] Yield [49] Yield 5-Naphthalen-1-yl-oxazole (35i) [53] Yield [65] Yield 69 %; Gummy; 2-Oxazol-5-yl-pyridine (35l) [65] Yield 71 %; Gummy; 
5-(4-tert-Butyl-phenyl)-oxazole (35c)
5-(4-Methoxy-phenyl)-oxazole (35d)
5-(4-Nitro-phenyl)-oxazole (35e)
5-(4-Fluoro-phenyl)-oxazole (35f)
5-(4-Chloro-phenyl)-oxazole (35g)
5-(4-Bromo-phenyl)-oxazole (35h)
5-Thiophen-2-yl-oxazole (35j)
Conclusion
In summary, developed a new strategy for the synthesis of 5-(het)aryl oxazoles from substituted (het)aryl methyl alcohols and benzyl bromides via oxidation in T3P ® -DMSO and DMSO media, respectively, followed by the cyclization of in situ generated aldehyde with TosMIC in the presence of aqueous-alcoholic KOH with an excellent yield following mild, and eco-friendly protocols. It should be noted that these methods are the substrate-modified green van Leusen oxazole synthesis methods. The noteworthy features of this developed protocol for the tandem reaction are less reaction time, broad functional-group tolerance, and ease of product purification.
